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■A^^^t^. rtub High-k — ^tC»:^>;/^i^i/'i4;iS^S{Clii5V\ High-k J^-^ 
^5'^>'^*T?^5J:5'fe^y^i^^^'Cfco-C^, High-k J^<D^s/^:/:i!^^n-fe;^BiFl^ Si 

15 ^^^titc thox. teos m(D si m^kmiJiM-rs^iy^Vi/jS^dSfe 

5<^-e0*b<:^£V\ tJ§oT. High-k iR^^^'^i^^-T?^. M.-D-yV=^>m<tm(D=^y^iy 

^ii^;05^X.bttfc^S/f^:/^^^^;as^febtl/-CV^-5(^ij^}^, Experimental observation 
of the thermal stability of High-k gate dielectric material on silicon , P.S.Lysaght et al, 
20 Journal of Non-Crystalline Solids, 303(2002)54-63; Integration of High-k Gate stack 
systems into planar CMOS process flows, H.R.Huff et al, IWGI 2001,Tokyo; Selective 
& Non-Selective Wet Etching, M.Itano et al. Wafer Clean & Surface Prep Workshop, 
International Sematech ^#^o )o 
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^1. Jt^mw8^^Jl_h(DJ^(High-k m) (oa:-v=^-^^^\^—W2k/'i^\ikJsL-^im. 

Wft^-fkl^CTHOX) h High-k Ii(Dcn5,^>'i/Wb<^Jt ([THOX (D3i5'^>'^l^-b]/ 

[High-k )^(D3^5/5=-:/^v— h]) ;0S5os;T'efc53iy^^'i^'ISo 

" ^2. High-k 15 i^;^_h-efe63Sl^e:|5^<7)^>^5^>'i/?^c 

5 3g3. High-k]^}6S^^-f|-/N7^t>AM^^{l-t;?yw=i-i^Aj^X«^'fk7 

:®4. High-k ^■<y::^^J^''y^)^—y (HfSiOx) . y^7^tJ7i^T/^^^-— h (HfiMO) . 
HfSiON. HfAlON. ZrSiO. ZrAlO, ZrSiON. ZrAlON, T/l^^-^- (A1203) . HfON. ZrON 
*3J;U« Pr203 ;&^6)?iC'5^;6^fe51(^tb-5'>3^jt<i:t>l«^tp^lt-IBm<^^5'^^i5^^^o 

Ig6. :7>;/'f b7j<^ (HF) ^^t? . ^1 tCfB^cD^^y^Vi/r-^o 
20 Ri-O-CCHaCHa-OVR" (1) 

:®14. --7^aiiL^:Sr^ri-5^a?^iK;i5, ^^^(^lz:/i?;^£<i:t5lo(D7Km^%^tp3l8 
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^15. T^/w^^ti-a-i^^as, 7"h7tKp:77:/, xh^tKnt'^^^, 77:/. 

10 '^l^^Uo 

:ai7. rn:5=-W>'^y=— /V^yT^^/V:!-— 7"/VT-fe7^— 

"^T—K i^^^l/:/^'y=i— /V^/p^^/V^— T^/VT-fe-T"— b. i^:3^^l-'^^i^'y=i— /W^y 
X>'WT-fex^h> e^J^'5^U>':/y=i— /V^y:/'^^/^::^-— 7"/VT-fe7^— ^^ hy^i 

15 '^i/>':j^y3— /i^^/y^/v^r— T^/vr-feT^— h*3j;t;«hy^'5^i^>'^y='— /v^y^^/v 

^^iP^ai^^:7K = 3mass%^_h: SO—gymassro : 10mass%^^AT"efcS3Sl^C|a 
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5 

2^^9^<Dx«:/5^>i:/?^«, i^m^bm (THox) titmmm<Dm^m (High-k 

i^) OX-/5^>i^P—h(Dtfc ( ITHOX <DX.y^>^U—hl / [ffigh-k lli(7)X 

<DX -/ 5^ > High-k MCDX -/ 5^ > Ix- h 2 A/:»-ii;l±. $? * b < 
10 m^h/i^^±.. ckOi?Sb<Hl 0-3 0A/5^@ST*5o 

itmft^©i«ViM (ffigh-kM) ^ibT. Jtm««t8£A±@af> $f^b<t^l 

5?i^i!^±. j;J3 0*b<t^ 20-40 @ig0m/j>^fflvi6n^o ^mnMo±m% 

nX'^zA. ^<b^>i5'>, A^X-^AS^U^— h (HfSiOx) . A7Xr>AT;i/$ 
15 h (HfAlOx) ^ HfSiON. HfAlON. ZrSiO, ZrA10> ZrSiON, ZrAlON. T )\/ 

%ir (A1203) , HfON, ZrON> Pr203 fj:^ J&^^^f ^.tlSo ^lne>(D3f^^|S^<7)^t^« 

T;P5i- = 8.5~ 1 0 > T;1/5^-— h!^ (HfAlO, HfAlON, ZrA10^ 
ZrAlON) =10—20, v'U^— b (HfSiO> H^iON, ZrSiO> ZrSiON) ^=10-20, 

m'ft;A:7X'^A=24, m'ft;v^;i/r3xC7A=ii~20T^So 

20 2^^H^<^Xy^>iJ^?S«, THOX ^ High-k lli®X«;^>^l/—h it (THOX 
© X <y 9=- > iJT' V—h /High-k j8i©x^;/^>iJfl/- h) :^>^*5 0OTT^0, $f*b 

High-kmt THOX©X^y5^>i5^l/-h®lt)5^±«B©|gHT^Si:, JJ^T^SS 
25 J&^C>$T*bV^o 

i|^S#:^^©MBl@t:i43ViT, High-k y-hm'fl::)^(^x^:/5^>i7VD-fe7,B# 
(Cti. SiS^±JCji, STI (Shallow Trench isolation) IC (DM=f-Wi^WiZ. Si 
m^bMi^^^ifeM^nT^feD, ^fe, ^-h^^bj^JC*3ViTt>, High-k m^bJit Si « 
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m-DX.. Si mitm^^JLy'^-^nr. ffigh-k m(D^^:Ly^y'!fX^^^^fS:S.y 

muitx$>ri\-i. High-k M^:^-n-x:y^b^cJg'&T&oTfe, sim^tm(Dm 
mm-r^ z. t fjmm tu^o 

ifmm(o:x.y'^iy-!fmn., High-k m:(D:^iy^^^^^—yt^. ^2A/5>^±s 

15 High-k -i^— hm'ftIlli!>3^s/h^5/'5^>'iJ^:7'i3-fe;^tJl*5ttSs 2 
High-k b;aS2A/:^J^_b-Trfc'9. High-k mtWmi\:M:{THOX) <D 

20 Mo?s.itT?_hlB2oo^#^«yhi-J;53fe^y^>'i/^^-efcttj^J;v^o iif*b<J*> 20^: 
i^;±(DV^Ttb;5^cD?a^■I?±|S2ocD^{4^^M/c-rJ:5^cC^^y^v^^'l^Tfc 
^*b<J*2O°C~^M(7)^^(DV^Ttt;0^<^?^> ^b(-$?*b< «20~90°C(D VN-ftb 

25 :^^0J(D3iiy^^^i5^^?^(i. THOX <D:^y^l^if\^—Vt>^. 100A/5^2ATa^^ 
<}i50A/'^:eJlT@^^ j;«9$?*b<(^20A/5>i^TaJt-efe^= J;'90*b<f*> lA 
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^mitm (THOX) IC^bT. High-k m^±fBbfed;-5;a:itTX>;/5">^-r^ 
(High-k m. THOX. TEOS^(DVy=>'^'fkl^^^if)^^5/^>':/b. ^5/^^^^ttr# 

HF(D-^^ft«. ^[f*U<J*3mass%J^Jb5gS. J;«9$f^b<}*10mass%eJt.JimS;65^^ 

HF(7)-^^»;&S#V^^. High-k m(D:y^^y'f-l^^ly^hi!>^M<^£^Mm^^^o HF<D 
15 -^:#S;OS/J>/^v ^bs THOX ^ High-k llitOai5/<9=-i^^W— bt^Jt ([THOX (D^^v^l^^X^ 
-h] / [High-k ^(^)ai5'^^^^l^—W)d5/h^<'fe2>Mf6]{;ifeSo t^^oT. HF<7?^^*f*s 
BfS<^ High-k 'm(0:^v=f'>'-!f\y—Yh. PJ\M<D THOX High-k m(D:^y^^^i^^—V<D 

HFi:L-r«. cone. :75.^(50raass%7X^^S)?^ii^ffiV^S;^^ 7KSr-^*?'^V >3i5/^>' 

75"fb7X^(HF)^'^tfrn>;/5^>'^t^(Dj'^^:^^fe«, cone. :7^;/^^ffiV^S^'^fi. 

00%HF ^mxm'^-t^ib\ 100%HF ^^JgR-TSo 

(1) xm^ti^k^^j:it^mtmi^\^<m^^Mo 
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R^-O-CCHgCHj-On-R'' (1) 

WV-^iJa— /Wv^rc^/Vm— y^^V (n= 2) ; MJ^n^l/^'^'Un— /V'v^p<^yV:3i— y^ylx (n= 
-tLfe^i— r/Wb'^i^c^^'-Cti^ ^J^y^J^. -rb^tKn >^^i^> ^^oif^v 

25 7|s:^0J(^^^y^Vi5^^l^fi7X^-a A/T'VN-C^J:V\ 7K^-a tP^'a'(^'a•W*^i^ 10mass% 
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50~97mass% : 10mass%iJJ^T 

5 'HF: •=E-/:/7^A:7K=3~50mass% :50~97mass% :0~10mass% 
•HF:i>;/7^A:7K=3~50mass% :50~97mass% :0~10mass% 
•HP: v'^^-^l^-:^ : 7K=3~50mass% : 50~97mass% : 0~10mass% 

• HP : 7^h7tKo7^>' : ;^ =3~50mass% : 50~97niass% : 0~10mass% 

• HP:i^:3^'5^l^>'^y=3— /W-i;?:n^/Wcx— 7^/V:7K 
10 ==l~20inass%:70~99mass%:0~10inass% 

• HP : b!;3i^l/:Xi/U=i— : tK 

=l~20mass% :70~99inass% :0~10mass% 

=l~20mass% :70~99mass% :0~10mass% 
15 :if:mM<D:r.y^:y^mit. ixy^V^^^iiC High-k Bt. THOX-^EOS^tT^v^y^ 

:^m<tm^hu>i^iz.mib7z,Ayx*m'^^mmi$(.t:Mmu High-k msrji^^bfcm^ 

j^ejSs 2|s:|iBJ©al5;^>'^^^^V^•r3l^y5^>':^^-t-St^I^^:. /J/^bfdtt High-k M^a-r 
X^},z:\.Xh^9^=^^y^l^^^n^X^X^\ IP"^x E^PicDrcy^^-i/tcJ;?) High-k j^<^ 
^>;/^>'i5^'^=nr5^> K^-<^yf=->'i5^i^::<t'5 High-k l^<?5_hla5?r^5'^^i>'l-> ^-^^ 

XJ^mi^itX High-k mt THOX ^=^y'^:y-ifX^^m^<ll^i^^St^^M-h(^Xi-tfJ:<. 
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High-k mt THox ^mM(Dm^=^^yi^>'-i^x^^mwKji^^:^ti^ho:>xi-±fj:<. 

10 High-k 3i5/^:/jj^^^(7)?^tg.7fe^lc:jE£:CT5il:i9:5ti-S 

:^^m(D:^y'f-^y^w^m^'^x^y^>i^^n^fc^mi^^mi-i.mm^nx\^^^^ 

Wis iMXitshtldiS of IC Technologies: An Introduction to VLSI Processes 
by W. Maly, 1987 by The Benjamin/Cummings Publishing Company Inc. t3:|B$fe 



m±i^. MOCVD ^^;lJ;oT^iKbm'^k/^:7:^r>A|i (MOCVD HfOgAsdep) . ^(D0. 
m^^^T=.--/VfiimL-1t.mt^^'^=^^J^^(M0CVD Hf02 Anneal) . MOCVD J; 
25 oT^mLTT^-/V^aUfc/N:7::^!^Aiyy<^-bM(HfSiO) . MOCVD fe(J:<3;oT^ 
J^bTT^— /l-^SUfcir/V'^-:^ (A1203) , :^U^mitl^ (THOX) ^^Mtl^^l^tc 
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mm-t-. Rudolf Research ^ Auto EL-HI =t.})-:f])?^—^^m\'^XmM\.tCo 

:3^y^:^:ifm^50X:(D^^^y^>'i^WV(Ds MOCVD HfOgAsdep. MOCVD Hf02 
Anneal. ^t>*l^^^kl^ (THOX) {Z.Mir^=^y^>'^^^mRXJ^:LtLbmicn-r^=^-y'^'-' 

m HF ^m. htkj^s (0%) . Rum=^y^i^^um(6ox:)i^^i-f^n-^mx-^-< 

fc3i— T-/^?^'fb'^ife^l^'e<7D, MOCVD HfDzAsdep. MOCVD Hf02 Anneal, Rt^^ 
mitm (THOX) T^wtl.?5Mlil>^-r 5^5/^^i/051^M:^ 

mMm7--n Rmmm 7~8 ^rUT^2(c:^-ro 

10 ^J^y^J^h HF (Dm7k':7>y^m^W.X<D, MOCVD HfSiOAnneal MOCVD 

A1203 Anneal :s.tJ«f^^^bm(THox) \m•i-^^^y'^:y^^m:sLXJ^:Li^hibm^mir 
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